ing clinical examination and multichannel surface electromyography recorded in the posterior cervical muscles, the trapezius muscle, the SCM muscle, and the levator scapulae muscle. Data obtained in all patients were reviewed retrospectively. Between September 1998 and December 2000, 30 patients underwent the new procedure (Group A). A matched group of 31 patients (Group B) from our previous series (April 1995-August 1998) in which we performed the traditional Bertrand procedure for CD was selected for comparison. The operation was performed by the same surgeon (T.T.), from the skin incision to the closure. Evaluation of the symptoms was performed using the Tsui rating score 16 (Tables 1 and 2) . Data obtained at the 6-month follow-up examination were used for comparison of clinical outcome. Table 3 provides a summary of patient data. Statistical analysis was performed using two-tailed pairwise t-tests and a probability value of less than 0.05 was considered statistically significant.
Surgical Procedure
Surgery was performed after induction of endotracheal anesthesia, with the patient in the prone position and with the head fixed in a slightly flexed position with Mayfield clamp. The upper half of the body was elevated approximately 30˚. Muscle relaxants were not administered except at the induction of anesthesia to monitor intraoperative muscle contraction. An operative microscope was 
used for denervation procedure. In Group A patients, we used a shorter straight skin incision from the inion to the C-4 level (Fig. 2) . The midline nuchal ligament was cut and the inferior oblique muscle and the posterior arch of C-1 were exposed first. The suboccipital rectus muscles were cut unilaterally at their insertions, but the inferior oblique muscle was always preserved. A C-1 hemilaminectomy was performed (Fig. 3) , and the dura was opened 1.5 cm. We did not drill off the occipital bone. After dissection of the arachnoid membrane and the dentate ligament, the C-1 and C-2 anterior rootlets were exposed and sectioned (Fig. 4) . The small vessels running with the rootlets were preserved as much as possible. After dural closure, the space between the semispinalis capitis and the semispinalis cervicis muscles was dissected to expose the posterior branches of the C-3 to C-6 spinal nerves. These branches were denervated completely, and we confirmed complete denervation by using strong monopolar electrical stimulation (5 Hz, 1 msec pulse width, 5-10 V). By tilting the operative microscope as is done in transsphenoidal pituitary surgery (Fig. 5) , the procedure was performed via a smaller opening than in the traditional Bertrand procedure. At closure of the wound, the space surrounded by the bilateral semispinalis capitis muscles and the inferior oblique muscle was closed in a watertight fashion to prevent CSF leakage. No drainage tube was placed. For denervation of the SCM muscle, we made a 3-cm straight skin incision along the posterior border of the SCM muscle. We used an operative microscope from the skin incision to avoid damaging the great auricular nerve. After identification of the main trunk of the accessory nerve, we followed the nerve in both distal and proximal directions, and all the branches to the SCM muscle were cut and coagulated. We did not cut the SCM muscle itself. In Group B patients, we performed the denervation procedure as described by Bertrand and colleagues 2, 3 except that the skin incision was made straight from the inion to C-7. Operative time and intraoperative EBL were measured as in the daily neurosurgical procedures in our unit. Table 4 , the age and sex distributions as well as the duration of the symptoms did not differ between patients in Group A and Group B. No patients were treated with botulinum toxin. The mean preoperative average Tsui scores in Group A (11.3 Ϯ 1. (Tables 3 and 4) . Thus, there was no significant intergroup difference when changes in symptoms were examined.
Results

As shown in
Discussion
The first treatment of choice for CD is chemical denervation of the involved muscles in which botulinum toxin injections are used. 8 Because botulinum toxin was approved in September 2001 in Japan for the treatment of CD, no patients in the present series received this treatment. For this reason, we have been extensively involved in the surgical treatment of idiopathic CD. Because the effect of botulinum toxin is transient, and the disorder in some patients is refractory to the injections, we believe that surgical denervation still plays an important role in the management of CD, especially in patients in whom the symptoms are resistant to botulinum toxin. 9 There are two established methods of surgical denervation for CD. 13, 15 One is intradural anterior rhizotomy of the high cervical cord region. 7, [10] [11] [12] 15 Because the nerve supply to both anterior and posterior branches of the spinal nerves is involved, intradural anterior rhizotomy should be limited to the C1-4 level to avoid affecting the phrenic nerve and arm function. Because the posterior cervical muscles are innervated by the C1-6 spinal nerves, the traditional intradural rhizotomy theoretically results in incomplete denervation. Although Friedman, et al., 11 have reported excellent results, it is also known that intradural anterior rhizotomy is associated with a higher incidence of complications such as neck instability, 14, 15 swallowing difficulty, 12,14 disturbance of arm elevation, 14 severe respiratory insufficiency, 14, 15 delayed cervical subluxation, 15 and catastrophic vascular accidents. 1 Another disadvantage of the intradural approach is that it requires upper cervical spine laminectomies. Likely because of such problems, Bertrand, with colleagues 2 and alone, 3,4 introduced a completely extradural approach and developed a method of selective peripheral denervation. The effects and safety of this operation are well established. 5, 6, 9, 13 Beneficial results resulting from the Bertrand procedure have been reported in 70 to 90% of patients in surgical series, and persistent side effects have been limited. 5, 6, 9, 13 We began undertaking the traditional Bertrand procedure in 1995, treating more than 40 cases until 1998. Of these, 31 patients suffered horizontal torticollis due to CD involving in the unilateral posterior cervical muscles and the contralateral SCM muscle. They were selected as Group B for comparison in this study. In our experience of performing the traditional Bertrand procedure, we noticed that a not insignificant number of patients complained of numbness or dysesthesia in the area of the great occipital nerve. Some patients suffered occipital neuralgia for sev-eral months after the operation. During the surgical procedure, we had to be careful not to injure the VA surrounded by venous plexuses. Bleeding from venous plexuses around the extradural C-1 and C-2 nerves was sometimes problematic. These clinical observations led us to modify the procedure. We initiated the new procedure in September 1998 and waited until a sufficient number of cases had accrued for comparable analysis.
In our new procedure, the posterior C-2 nerve roots are completely preserved, and theoretically sensory disturbance in this area does not occur (Fig. 1) . The one occurrence of C-2 sensory deficit in Group A was caused accidentally by injuring the peripheral part of the C-2 nerve. Bertrand used an inverted L-shaped skin incision to avoid muscle and nerve retraction; however, such a skin incision carries higher risks of damaging the great occipital nerve in the periphery. With the use of a modern operative microscope, we found that a smaller straight skin incision is sufficient for the denervation procedure. Sensory disturbance in the C-2 region may not be very troublesome for daily life, but many patients in our series experienced an uneasy feeling that made them emotionally unstable. Four patients in Group B suffered occipital neuralgia. Therefore, if possible, we should avoid procedures that cause a sensory deficit, even if it is minor.
The disadvantage of our method is that it requires a C-1 hemilaminectomy and opening of the dura. These may increase the risk of vertebral column instability, CSF leakage, and meningitis. Because the C-1 laminectomy is limited to one side and the suboccipital rectal muscles contralateral to the surgically treated side are preserved, the procedure is minimally invasive and, in our opinion, not associated with serious problems. In our experience, there have been no postoperative CSF leaks or subcutaneous CSF accumulation because of the meticulous watertight closure of the muscle layers. We believe that preservation of the inferior oblique muscle is important to accomplish watertight closure. In the intradural procedure performed via a small dural incision and without drilling the occipital bone, a high-magnification microscope is essential. Even when such an opening was made, we were able to visualize the area from the intradural VA to the caudal part of the C-2 posterior roots.
In the Bertrand procedure, to minimize bleeding from the extradural venous plexuses, some surgeons prefer placing the patient in a sitting position. 5, 6 The sitting position, however, is itself associated with other risks such as air embolism and hypotension, and therefore our preference is a prone position. In our new procedure, the EBL was significantly smaller and the operative time shorter.
Although the improvement of CD-related symptoms did not differ between the two groups, much smaller incidence of complications, shorter operative time, and lower EBL are the advantages of the new method.
In this study, we did not include patients with retrocollis who underwent denervation of bilateral posterior cervical muscles because we restricted the new procedure to only those requiring unilateral operations. It has been emphasized that, in bilateral denervation involving the Bertrand procedure, the anterior branches of C-1 and C-2 nerves should be preserved to avoid postoperative swallowing difficulty. 3, 4 It is known that bilateral intradural rhizotomy of the high cervical cord carries higher risk of such complications. 12, 14 This is the reason we confined the new procedure only to one side. 
Conclusions
The use of the Bertrand selective peripheral denervation procedure provides excellent relief of the symptoms of idiopathic CD, although minor complications such as C-2 sensory deficits and occipital neuralgia may become a problem. Even if such complications are minor, we have to make every effort to minimize the adverse effects of surgery. We have shown in this report that our denervation procedure, consisting of the intradural section of anterior roots of C-1 and C-2, and extradural ramisectomy of the C3-6 posterior branches, is associated with considerably fewer side effects but the same symptomatic improvement.
